Aim: This study aimed to evaluate the distribution of PIK3CA E545K mutation in Iranian CRC patients and explored its roles in disease prognosis. Background: Deregulation of the phosphoinositide 3-kinase (PI3K) pathway contributes to the progression of tumors. The p110a (PIK3CA), a catalytic subunit of PIK3, is mutated in many types of cancers. Exon 9 (E545K) is the most frequently mutated hotspot in PIK3CA in colorectal cancer (CRC). However, the prognostic role of PIK3CA E545K mutation needs to be elucidated. Methods: Tumors from 187 CRC patients were retrospectively collected from the Taleghani and Shohada Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran, between 2010 and 2017. PIK3CA E545K status was detected in Formalin-fixed paraffin-embedded (FFPE) tissues using PCR-RFLP methods, and validated by pyrosequencing. Correlations between PIK3CA E545K mutation clinicopathological features were analyzed. Results: The frequency of PIK3CA E545K gene mutations in CRC patients was 10.7%. Significant correlations were observed in PIK3CA E545K mutation with tumor differentiation and TNM stage (p < 0.042 and p = 0.033, respectively). Kaplan-Meier analysis showed a worse prognosis in overall survival (OS) in patients with PIK3CA E545K mutation (p < 0.001). Multivariate analysis indicated that PIK3CA E545K mutation was a detrimental factor for OS (HR = 6.497, p < 0.021). Conclusion: A high frequency of PIK3CA E545K mutation was detected in Iranian CRC patients. The results of the present study suggested that PIK3CA E545K mutation may be associated with poor prognosis. These findings require further confirmation via prospective studies with larger samples.
Introduction
Since 1995, when for the first time the critical role of the phosphatidylinositol 3-kinase (PI3K) was in many tyrosine kinases signaling such as AKT /mTOR, VEGFR, and EGFR. Activation of these growth factors leads to cell growth, cancer progression, and development (4) . Activation of PIK3 pathway contributes to resistance to traditional chemotherapy drugs including doxorubicin, paclitaxel, tamoxifen, trastuzumab, and bevacizumab (5) ; therefore in many studies somatic mutation in PIK3CA is considered a potential prognostic and predictive biomarker (6) . Most somatic mutations result in induction of PI3K signaling pathway, typically found in PIK3CA whose mutation hot spots are located at five sites in exons 9 and 20 (7) . These mutations most frequently occur in the helical domain (hotspots E545K and E542K) or the kinase domain (hotspot H1047R) of the PIK3CA-encoded p110 (8) . Studies have reported differences between exon 9 and 20 mutations with regard to their effects on survival. They noted that PIK3CA exon 20 mutations were significantly associated with poorer overall survival (9) , but the prognostic role of E545K hotspot is controversial. The existence of a PIK3CA pseudogene on chromosome 22 can interfere with the detection of mutation E545K on exon 9 due to 98% sequence homology with this exon (10) . Here, we have used Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method for detection of a hot-spot mutation PIK3CA E545K in exon 9. This retrospective study evaluated the prevalence of PIK3CA E545K mutation in Iranian CRC patients and explored its roles in disease prognosis using PCR-RFLP method.
Methods

Patients and specimens
In the present study, 122 patients with colorectal cancer diagnosed between 2010 and 2017 at Taleghani Hospital and Shohada Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran, were enrolled.
Formalin-fixed paraffin-embedded (FFPE) tissues of the CRCs (tumor tissues and normal adjacent tissue or NAT) were reviewed by a pathologist and the optimal block was selected for the study. Eligible patients had the following inclusion criteria: (i) patients diagnosed with adenocarcinoma histologically, (ii) available clinical data and pathology report. Clinical data of the patients were retrospectively collected by a Figure  S1 ). Examination of the sequence consisting of rs104886003 for specific restriction enzyme with http://nc2.neb.com website showed that TspRI restriction enzyme can be employed for mutational analysis in rs104886003. The 126-bp fragment of the PIK3CA gene covering exon-9 sequences containing the E545K mutation and TspRI recognition site is displayed in Figure 1 . In the wild-type PIK3CA exon-9, the 126-bp fragment could be digested into 81-and 45-bp fragments. In contrast, PIK3CA E545K mutant alleles were not cleaved due to the substitution of CTG to CTA, resulting in the loss of the TsprIrecognized site. Genomic DNA extraction and PCR-RFLP Experiment Genomic DNA (gDNA) was extracted from 10 µm sections of FFPE CRC samples using DNA FFPE Tissue Kit (QIAGEN) according to the manufacturer's instructions. PCR was conducted in a final volume of 25 μl, containing 1 μl of the extracted genomic DNA, 2.5 μl of 10 × PCR Mg+ buffer, 1 μl of each primer, 0.5 μl dNTP, 0.3 μl of Taq DNA polymerase, and 18.7 μl double-distilled water. PCR conditions were as follows: 95˚C for 5 min; 35 cycles of 95˚C for 40 sec, 62˚C for 40 sec and 72˚C for 40 secs; and finally, 5 min at 72˚C. Electrophoresis was performed on QIAxcel® automated capillary electrophoresis system (Qiagen) via QIAxcel DNA High-Resolution Kit and QX Alignment Marker 15 bp/600 bp by OM500 separation method for 126 bp predicted PCR product. The restriction analysis of the fragments amplified with TspRI was performed in 2 hours at 65°C in a total reaction volume of 10 µl containing 1μl of 1× CutSmart Buffer (New England Biolabs), 0.1 μl TspRI enzyme (New England Biolabs), and 3.9 μl doubledistilled water to digest 5 µg PCR product. Electrophoresis of the digested products was performed on the QIAxcel system with QIAxcel DNA High-Resolution Kit and QX Alignment Marker 15 bp/600 bp by OM500 separation method. PIK3CA E545K mutation status data were analyzed by two investigators who were blinded to the patient outcomes.
Confirmation methods
PIK3CA E545K codon and flanking sequences were amplified using the described primers based on the above PCR conditions for evaluating primer specificity. The PCR products were sequenced directly through Sanger sequencing using Big Dye Terminator v 3.1 Chemistry and an Applied Biosystems 3730 DNA Analyzer and analyzed by Finch TV Version 1.4.0. Also, to confirm the PCR-RFLP results, mutational analysis was determined by pyrosequencing. The sequencing primers are described in Table 1 . Pyrosequencing was performed on the Pyro Mark Q24 (Qiagen, Germantown, MD), according to the manufacturer's protocol. Sequence analysis was performed using PyroMark Q24 version 1.0.10 software in the allele quantification analysis mode.
Statistical analysis
All data were statistically analyzed using the Statistical Package for the Social Sciences, version 21.0 (SPSS 21.0). Differences in distributions between the variables examined were assessed via the chi-square test. The survival rate in each group was analyzed using the method of Kaplan and Meier and compared by the log-rank test. The factors that affected the survival were identified using univariate and multivariate analyses with the Cox hazard regression model. Hazard ratios (HRs) with 95% confidence intervals (CIs) were reported and a P-value of ≤0.05 indicated a statistically significant difference.
Results
Establishment of PCR-RFLP method for the detection of PIK3CA E545K
When 126bp size fragment was applied to RFLP with TspRI enzyme, the wild and mutant-type sequences were recognizable based on the difference in the number and size of the endonuclease-digested fragment; in this regard, the wild-type fragments have TspRI recognition sites and digested by enzyme thus producing two 81 and 45 bp fragments (Figure 2 , Lane5-6), while the mutant fragment does not have this recognition site so the detected fragment was 126 bp (Figure 2, Lane3-4) .
Through DNA Sanger sequencing, the complete length of PIK3CA exon 9 was read and differences with pseudogene on 22q11.2 were checked (Supplementary Figure S2) , and the specificity of the primers approved. Figure 2 . Detection of the PIK3CA E545K mutation in CRC FFPE samples using PCR-RFLP; Lane1-4: PCR product, no-enzyme treated control, Control mutant not digested with TspRI, and a mutant FFPE CRC sample with a mutation on E545K not digested with TspRI, respectively (126bp). Lane 5-6: Control wild digested with TspRI and a wild FFPE CRC sample digested with TspRI, respectively (45bp and 81 bp fragments). Table 2 reports the baseline characteristics of the 187 CRC patients. The frequency of PIK3CA E545K gene mutations in CRC patients was 10.7% (20/187).
Prevalence of PIK3CA E545K mutation and its correlation with clinicopathologic characteristics of CRC patients
The correlation between PIK3CA E545K mutation and clinicopathologic characteristics was analyzed in Table 2 . Significant correlations were observed in PIK3CA E545K mutation with tumor differentiation and TNM stage (p < 0.042 and p = 0.033, respectively). PIK3CA E545K mutation in tumor tissues was correlated with poor/moderate differentiation and late clinical stage. However, no significant correlation was found between PIK3CA E545K mutation and age, gender, or tumor location. Association between PIK3CA E545K mutation and survival
Further analysis was performed for the prognostic significance of PIK3CA E545K mutation. Totally, 41 patients (21.9%) died by the latest follow-up. The median period for the overall survival (OS) was 42.6 months. Kaplan-Meier analysis showed a worse prognosis in OS in patients with PIK3CA E545K mutation as compared to other patients (p < 0.001; Figure 3 ). Univariate analysis revealed that PIK3CA E545K mutation, tumor location, and tumor stage were associated with a significantly shorter OS (Table 3) .
Multivariate analysis was also performed with baseline prognostic variables including age, gender, tumor location, differentiation, and PIK3CA E545K mutation indicating that PIK3CA E545K mutation was a detrimental factor for OS (HR = 6.497, 95% CI: 2.859-14.768, p < 0.021. Table 3 ). 
Discussion
Our study investigated the prevalence of PIK3CA E545K mutation in Iranian CRC patients. We provided evidence that PIK3CA E545K mutation was correlated with lower histological differentiation, later clinical stage, and poorer prognosis; thus, PIK3CA E545K mutation is a potential molecular biomarker for predicting prognosis in CRC patients. Activating missense mutations in PIK3CA p110α subunit has been proven in many cancers (12) . In all tumors, the most frequent PIK3CA mutation occurs in exon 9 (helical domain E542K and E545K) and in exon 20 (kinase domain H1047R) (13) . These three most frequently reported hot spots in PIK3CA have been shown to elevate the lipid kinase activity of PIK3CA and result in the activation of its downstream Akt signaling pathway (14) . They account for 80% of reported PIK3CA mutations in CRC which are also completely oncogenic in vivo (15) . A plethora of literature points to the association between these mutations and resistance to common therapies especially anti-EGFR treatment as well as cancer progression (16), highlighting the need to detect PIK3CA p110α mutation as a strong predictive and prognostic biomarker. Numerous studies have proven that the most prevalent mutation in CRC at PIK3CA is E545K hot spot (17) (18) (19) (20) . In this study, exon 9 (E545K) loci were examined via PCR-RFLP. Totally, 10.7% of the CRC patients were observed with PIK3CA E545K mutant tumors. Previous reports showed a slightly lower frequency of PIK3CA E545K mutation which may be due to population or detection method (18) (19) (20) (22) . However, the correlation between PIK3CA mutations and prognosis of CRC patients is still controversial (23) . Interestingly, we found that patients with exon9 chargeplus changing substitutions in the helical domain showed even poorer survival. Although several studies have documented that mutation in PIK3CA E545K had a negative effect on survival (9, 24) , three additional studies found no significant difference between exon 9 mutants and wild-type cases in colorectal cancer-specific or overall survival (24) . Note that to the best of our knowledge this is the first study reporting PIK3CA
E545K
prevalence and prognostic significance in Iranian CRCs.
There are other studies regarding the most common and important molecular biomarkers as well as their prognostic roles such as BRAF and KRAS mutations (25) (26) and microsatellite instability (27) in Iranian CRC patients. Further analysis is still required to assess the racial differences and the role of all-important CRC biomarkers to explore their correlations with certain clinicopathological parameters in a large cohort study.
In conclusion, our findings have been novel regarding survival in patients whose tumors harbored mutations in E545K loci of PIK3CA . However, given that the number of such cases in our study was small, and statistical power was consequently limited, these findings warrant validation by independent studies. Our findings might give additional insight into the relevance of the PIK3 pathway in colorectal cancer progression, and suggest that detailed genotyping of PIK3CA might be tailored to personalized medicine.
